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A filtering device for the prevention of 
particulate embolization 
during the course of 
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JLhc occurrence of emMi/ation diirinc 
tlu* course of smuical ireaunent of mitral 
stenosis continues i«» be a matter of mnsider- 
ablt- rmum I H»> problem has l>een meatly 
lessened with lit*- advent of the pitmp 
senator and the availability of ihe com- 
missurotomy. Himwr ? for various leasons. 
embolization diirirtfi commissurotomy lias 
not Ixrn eliminated. Many ho>piiaU 
thromrhout tlu- world have cardiovaMular 
surgical units cabbie "I dnin* » < ,| «f ^ »»• 
trai commissurotomy but they aie. i" "irn. 
unable to provide a pump oxygenator on a 
standbv basis in case thrombin is encountered 
within' the heart. Alllmuttli die *»"*- 
demo of embolization *ould 1»- ex|iected in 
these closed rases, there still exists a low in- 
cidenee of particulate embolization in pa- 
tients iindeissotnsi dinvt-vwnn surety for 
mitral valve dww This van result either 
fn«n a thrombus dislodti^l dnriii-.' removal 
from the left atrium or from calcific emU.li 
looscnrtl during exc ision of a diseaMil mitral 
valve. 

In an elTort to prexeut cuilioli/ation dur- 
ing mitral conmiissmotoiny. the aulhms have 
developed a Hltrring device which can be 
placed in the ascendimr aorta at the time of 
surgorv. This device is denned to catch 
particulate emlwli and yet not interfere *ith 
the flow of blood in the proximal aorta. 

Supports hr Uuitrd Swir> INiM* llmlil- 
Nu. HE 09997. 

Submitted !«r publico Drc. 22. .~ilm,i.irt! 
Feb. 9. 1968. 
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THE INITIAL FILTERING DEVICE j 
(PARACHl TE DESU;X) 

The initial devic e was c onstructed of !>oly- 
mopylene mesh of IK7 mm. mesh sire and 
had the configuration of a '-parachute" 
.Ftu. Is- It was \ cm. lomr and its proximal 
and distal parts were made radio|KUpie. 

METHOD 

Fifteen he|Kiriniyed moimrcl dotrs weiirh- 
i„ u M\ to 30 pounds weie anesthetized with 
Nembutal, and. after initiating sup|>ort with 
a mechanical respirator, the left chest was 
rntered tlinmuh the liftli interspace. The 
prrieardium was opened and 2 polyethylene 
mbes nun. LI).' were introduced into the 
left allium and seemed by "a pursc-striiu: su- 
m,v. One tube |K-rmittetl tin- injection of 20 
e.e. til 70 jM-rcent 1lypa M uc to visualize the 
anna, and the oilier tul»e served as a con- 
duit for iniecthn: radiopaque emboli mto the 
left atrium, These c"il.olt were made of sili- 
cone rublier 5»I* with :><> percent barium 
sulfate. Thev were cylindrical in shape.. 1 "> 
mm. in diameter, ahd had a s]x-cinc gravity 
„f appioximatelv one. These silicone rubber 
iniiMi weiv molded within a i>crforated 
electrical printed circuit Ixiard with appro- 
priate sized holes. The silicone rubber was 
spread over this Irani and into the many 
perforations. After 24 Iran, the molded.sih- 
eone emboli were pushed out of the molding 
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lUllt l with a bUint needle and wwil lor 

vi-ittual use. 

W ith a srraduated metal trocar t Fur. I . the 
• in-r device was introduced through a small 
.tab incision in the apex of the left ventricle 
..„„ iUc ascending aorta so tliat the inflow 
( . m | of the device was proximal to the bra- 
t hiocephalic artery. The position of the filter 
x« a; confirmed by feelinc the tip of the in- 
Mnduccr and also by examining the aorto- 
•rr.ii ns clone at the time the device was in- 
troduced. To prevent the filter from travel- 
ing downstream after positioning (Case 6, 

Table r . a small alligator clamp was ap- 
plied to the tethering sutures as they emerged 
f ii un the ventricle. 

Twenty einlx>li were then injected into the 
left atrium, and x-ray films were subsequently 
taken of the whole animal to determine the 
distribution of cnilmli that murht have by- 



Ff.ter 
device 




Fig. 1. Diagram showing lh«- |Kirut*hiitc filler ami 
the metal introducer. 



Table I. Collrctkr results in tin: zvhoh- tcrics 
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passed the lihei. The device was then care- 
fully removed from the aorta and heart, and 
the number of trapped emboli were counted. 
Al>o. in some case*, dissection studies were 
done to locate peripheral eml)oIi. The integ- 
rity of the aortic and mitral valves was 
irnwslv chirked in every animal and. in some 
eases, microscopic sections were obtained of 
the aortic wall. 

RESULTS 

The percentage of emboli caught within 
the parachute deviee ranged l>ctwccn 60 and 
100 percent with an average of 75 percent 
(Table 1 Of a total of 270 emboli injected, 
66 (25 jicrcenfi bypassed the filter (Tabic 
I . It was found that introduction and ex- 
traction of this device was fairly casv. and no 
damage was noted to the aortic or mitral 
valve in any of tin- animals. Also, no cor- 
onary emboli were encountered in any of 
these studies. 

Two interestinL' cases in this series require 
further discussion. In Case 6. tlie device mi- 
grated down the aorta as an embolus and so, 
subsequently, a small alligator damp was 
applied to the tcthcuiu: sutures as they 
emerged from the ventricle. In Case 8, the 
mouth of the device did not o|wm completely 
<as jiHlttitl radiologicall} . and thus all of 
the emlwili were lost into "the systemic circula- 
tion. 

IJecause a modi-rate numU-r of the emlxili 
bypassed this initial filtering device, a second 
type of filter was constructed ami is described 
below. 

THE CURRENT FILTERING 
DEVICE (UMBRELLA DESIGN) 

The second type of filtering device has the 
eonliiiuration of an umbrella (Fig. 2) with 
8 ribs of stainless steel spring wire No. 303 
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Fijc. 2. The iiml»rrlb filtrr in thi* oprn position. 
An unccxitrd Revive is depicted Waiisr llie. iil> 
mrrhanism ran »w hcttrr illustrated. 




Fiif. 3. The uncoatcd umbrella filter in the clow'd 
position. The hrmostat is used to maintain this 
closure. 
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slMllj diamelci . The standee steel rib? 
piovide a \riy irood >piini: action which 
I x*( iui( s tlu- tiiuhivlla to adapt to various 
aortic ctiiuiMisiciiiv The ribs of the umbrella 
ww coveted with nylcm cloth with a 0.7 
inin. mesh size. Eitdit silk sutures were at- 
tached to the niotith of the device and were 
brought toother in a confluence. Ky pulling 
cm the confluence of sutures within a j>oly- 
ethylene tube, closure of the umbrella could 
he effected ( Fig. 3>- 

METHOD 

In 20 inomrrcl dosf*. wehihiiu: 3f> to 50 
IMiunds. a small stab incision was made in 
the apex of the left ventricle, and a Gerbodc 
dilator was used to srrasp the tip of the urn- 
hrel1a lilter and introduce it through the 
ventricular wall. The device was thm guided 
up to die required position in the asrcndtng 
aorta, and the dilator was tvmoved from the 
heart. The damp holding the polyethylene 
tuhe was then released, and the filter was 
allowed to open and adjust itself to the inner 
wall of the aorta (Fur. 4:. Eudxdi wen- then 
injected into the left atrium, and x-rays were 
taken in the usual manner i Fits. ") . Several 
injections of emlmli were carried out in each 
case. anil, after introduction of all the em- 
Itoli. the lilter was closed and removed from 
die heart. 

In even case, the emholi that were caught 
in the lilter weiv counted and" the aortic and 
mitral valves weie ins|Ki ted for damage. In 
3 animals, histologic sections were made of 
thr aortic sentient which was in contact with 
the device. In :* casi-s the pressure was re- 
corded in the at >ria proximal and distal to 
the lilter to see if a sit»nilicant pressure gra- 
dient existed. In 13 dmrs. systemic heparin 
was administered to prevent clot formation 
on the device, while in the final 5 dogs, a 
uKiphite-lMMi/alkonium-hcparin ranting was 
utilized to prevent thrombus f on nation on 
the device. 

RESULTS 

In 20 cxiierhncnts. the umbrella device 
trapjied between 90 and 100 |>erccnt of the 
emboli with an average of 97:4 percent en- 
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Fig. 4. Diagram* showing the various stases of mtrodticumi a 
filter. 



uid extraction of ihc umbrella 




Fig. 5. Angiocardiogram showing the umbrella 
filter in the ascending aorta with the radiopaque 
silicone emboli trapped in the downstream cul-de- 



sac. 



trapinent. The total number of emboli in- 
jected in this series was 570 and only 15 em- 
boli or 2.6 percent bypassed the filter (Table 
I). The nylon mesh of the device was redun- 
dant and tended to form a distal cul-de-sac 
so that the emboli would usually collect at 



this site. It is our opinion that this feature 
does not ix-nnit a retrograde movement of 
the emboli hack to the coronary artery on- 
lices durinir diastole. However, because of 
jaitcntial embolization to the coronary ves- 
sels, a small inner truncated cone of the same 
nvlon mesh was added so that any emboli 
would Ik- held l>ctwccn the two layers of 
mesh and not carried backward during dia- 
stole. - 

With the use of this umbrella device, both 
the introduction and extraction were rela- 
livelv easv and. in every case., both the aortic 
and ' mitral valves were found to be un- 
damaged. In addition, the heart action re- 
mained satisfactory, and there was no sig- 
nificant pressure gradient across the um- 
brella. Gross inaction in every case and 
histological examination in 5 c ases showed 
no local aortic wall damage of any kind. 
Also, no coronary cmlx>li were found in any 
of these cases. The use of srmphite-benzal- 
konium-heparin coated 5 filters in 5 dogs 
demonstrated that systemic lu-parintzation 
mav I* omitted if such a thromborcsistant 
coating is employed. These filters always ap- 
!x»ared to be free of thrombus or fibrin at the 
completion of the experiment. Finally, with 
the device in its usual aortic position, a pro- 
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eedurr >iiuulatii:u mitral rniiiiiiisMimimm 
was carried out in "> di*»s. Tins did 1101 lead 
tn the dissemination of any emlmli thai weie 
already cauuht in tin* filter, and the presence 
of the device in tin? heart did not interfere 
with the procedure on the mitral valve. 

DISCUSSION 

There are many article* in the sunrira) 
literature which have detailed the factors 
relating to ei utilization during; mitral com- 
missurotomy. 4 7 The incidence of embolr/a- 
tion durinc: or after surgery has varied in 
these rejM)rts from about 15 jjercent in fibril - 
latins patients to about 3 |X!rccnt in non- 
HbriHatin^ K ; - : * jxttients. and each author has 
suggested a manipulative technique de- 
signed to reduce the incidence of this serious 
complication. These include compression of 
the carotid arteries in the neck." clamptuu of 
the iniiotiiinate artety. 1 or clamping the left 
common carotid and innominate arteries for 
|x«riods up to 60 seconds each as suggested 
by Bolton anil associates 2 in 1954. In 
Bailey's cx|jericnce. this red need the inci- 
dence of cerebral emlwli from f> percent to 
2.3 jjen-ent but at the cxjicnse of increasing 
periplier.il embolism. 1-otian* advocated 
clamping the 3 branches of the aortic arch 
for jx'riods up to 4U seconds hut this pro- 
cedure did not decrease the incidence of 
cerebral euilmlism. Preo|>erative anticnatritla- 
tion therapy was advised by Strom and Man- 
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vn "-* in IM.Vi. (;iemi' in and by Mis- 

eall'- in H»ri2. 

Tiie- leMihs of administering antiroagu- 
kuii* pivo|ieraiively in cases where thrombus 
in tht- left atrium is anticipated have liecn 
ronllirtin** and the complications associated 
with their administration were rc|>orted to 
he approximately 13 percent. About one 
.third of these complications were major and 
consisted mainly of bleeding from the chest 
wound and the gastrointestinal tract, as well 
as retinal and cerebral hemorrhage. 4 Ob- 
viously, anticoagulants do not offer any help 
to the group of pauents widi calcified valves 
who constitute at least one fourth of the 
patients undergoing surgery. In diis latter 
group, the incidence of embolism is about 
8 percent. 11 

These various procedures to prevent em- 
bolization were not always satisfactory and 
In-nee many authors shifted to oj>en-heart 
sunken for mitral commissurotomy in the 
rases where systemic innbnlization seemed 
likely. Instances of embolization, however, 
still occurred during oj>cn-hcart surgery from 
thrombi within the left atrium or from a 
heavily calcified mitral valve." 

The present work demonstrates that an 
umbrella-shaped lilter is capable of trapping 
<)7.4 |K-rcent of the injected artificial liiiIkjH. 
Als«>. the presence of the umbrella near the 
origin of the cerebral vessels seems to offer 
a nearly total protection from cerebral em- 
Misiu (Table U>. This is" a grave compli- 
cation which is attended clinically with a 
mortality rate as high as 80 percent. Al- 
though our primary aim was to protect the 
brain, the device seemed to also offer a large 
measure of protection to the viscera and 
limbs ( Table Hi. The absence of coronary 
eiiilMiIi during the ex|xriments was also 
s» ratifying. 

The filtering device was easily jiasscd in 
and out of the left ventricular cavity and 
ascending aorta. This, to a large extent, pre- 
vented any damage to the aortic and mitral 
valves. The results obtained suggest that the 
mesh dimensions of the filter were large 
enough to allow an unimpeded blood flow 
ami. at the same time, small enough to trap 
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tiny emboli. It was found during these stud- 
ies that the spring action of the stainless 
steel ribs was dependable and could not be 
satisfactorily duplicated by plastic ribs. This 
spring action |>enuitted the umbrella to be 
adaptable to the vessel and, therefore, to 
filler practically all of the blood flowing 
through the ascending aorta. 

Although this filter device should have 
greatest application during closed mitral 
commissurotomy, it could also be used in 
those "open" operations in which there is a 
possibility of embolization of calcium or 
thrombus to peripheral sites. This latter 
problem lias not been completely eliminated 
w ith current preventive techniques. 

SUMMARY AND CONCLUSIONS 

A device havin« the configuration of an 
umbrella has lx % en used experimentally to 
filter systemic- blood while injecting emboli 
into the left atrium. Exjx'riments carried 
out on mongrel dogs showed that an aver- 
age of 97.4 percent of these emboli were 
trapped by the device. No coronary emboli 
were rejxirted in these experiments, and the 
integrity of the aortic wall and aortic and 
mitral valves was not disturbed. The device 
does not ofTer resistance to blood flow and 
can be used without systemic hepari nidation. 
We suggest its clinical use in the course of 
closed mitral commissurotomy if emboliza- 
tion is expected to occur, particularly in 
centers where there is no ready access to 
cardiopulmonary bypass. _ 
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